Irrespective of the type of items manufactured by an industry, environment is now becoming progressively more and more competitive than the past few decades. To sustain in this severe competition, companies have no choice but to manage their operations optimally and in this respect the importance of more accurate demand prediction cannot be exaggerated. This research presents a forecasting approach tailoring the multiplicative Holt-Winters method with growth adjustment through incorporation of fuzzy logic. The growth parameter of the time series values is adjusted with the conventional Holt-Winters method and tested for predicting the real-life demand of transformer tank experienced by a local company. The result obtained by applying the new approach shows a significant improvement in the accuracy of the forecasted demand and sheds light on further enhancement of the proposed method by optimizing other time series parametersthrough fuzzy logic application for possible application in prediction of demand having trend, seasonal and cyclical changes.
Introduction
Over the last few decades, Exponential Smoothing (ES) methods have been recognized as one of the most popular approaches for forecasting the time series data [1, 2] . Though the popularity of ES methods originates from their simplicity and ease, their accuracy level has added extra dimensions in their characteristic features [2, 3] . The additive Holt-Wintersand the multiplicative Holt-Wintersdeveloped in 1960 as extension of Holt's method have been widely used to forecast the time series when the latter exhibits a seasonal component [4] . Despite the fact thatHolt-Winters methods had undergone several modifications to improve their forecasting performances, these methods display a difficulty to determine the initial values of the parameters and/or the smoothing constants [1, 5, 6] . In the modified Holt-Wintersmodelby Grubbet al. [7] the values of the constants were determined by the minimization of the calculated MSE (Mean Square Error) for the one-step-ahead forecasts of the UK air passengers. By assessing all the possible values of the constants,Lepojevićet al. [8] selected the appropriate trio which minimizes the MSE of the forecasted energy consumption.Bermúdezet al. [6] provided an approach to improve the Holt-Winters forecasting method by stochastically optimizing the smoothing parameters and the initial condition vectors comprising the level, slope and seasonal component through use of a modified equation for updating the seasonal index. Song and Chissom [9] introduced and applied the fuzzy time series approach to forecast the enrollments into the University of Alabama. This fuzzy logic approach was used to improve the forecasts in manufacturing companies as well as in service enterprises and other organizations [5, 6, 10, 11] . Moreover, several works focused on the combination of the fuzzy sets theory and the conventional methods [5] and/or the other artificial intelligence approaches such as the Artificial Neural Networks [12] , the Particle Swarms Optimization [13] and Genetic Algorithms [14] . Vromanet al. [5] proposed a Fuzzy Adaptive model that combined the fuzzy logic with the Holt-Winters. To make more accurate forecasts, the smoothing constants (α) and (β) were determined by fuzzy controlling of the change in trend (CT) and the variance (V) of the observed demand. The resulting values of the smoothing constants are inserted in the Holt-Winters to forecast the textile sales as a case study. The results have shown an improvement in the forecast responsiveness of the new approach compared to the known additive Holt-Winters.
In this paper, fuzzy logic is combined with the Holt-Wintersmethod to introduce a new seasonal demand forecasting approach. However, the work is divided into two main steps -at first through a simulation study the smoothing constants are identified based on the minimization of MAD (Mean Absolute Deviation) by a MATLAB program developed to implement the conventional Holt-Winters method and secondly the growth component (b T ) of the Holt-Winters method is optimized by using the fuzzy logic concepts. Subsequently, the optimized growth values are adjusted with the conventional Holt-Winters approach to generate the optimized forecast of actual demand and validate by comparing it with the conventional Holt-Winters technique.
Case Study
As presented in Fig. 1 , the demand data of distribution transformer tank (750 KV) for a three-year period were collected from a local manufacturing industry. An overall uprising trend for demand during this specified periodis evident.Another important characteristic of the time series that can be highlighted in this case is the seasonal variation which appears during the fifth and tenth month of each year with a slight difference in demand for third year.But the extent of the seasonal variation is not same for each year; rather it changes in some percentage which imitates the idea of multiplicative seasonal demand. According to available literature, several methods are advocated for forecasting such demand pattern, but the Holt-Winter methodappears to be most appropriate because securing higher accuracy while subjected to the trend and seasonality.
Methodology
The one-step-ahead multiplicative Holt-Winters model for seasonal demand can be expressed as
whereY T+1 denotes the forecasted demandfor the period (T+1) and L T, b T, SN T representrespectively the level, growth and seasonal factor of the time series, the values of which can be evaluated by usingthe following equations:
The smoothing constantsα, β and γ are selected based on the outcomes of a simulation study carried out with the aid of MATLAB.
Fuzzy Growth Adjusted Approach
The exponential smoothing methods, more specifically the Holt-Winters, yield higher forecasting accuracy among other conventional approaches.However, it is to be noted that forecasting is never perfect. But this fact does not limit the scope of achievement of more accuracy. A number of artificial intelligent methods have already been proposed and implemented for the purpose of forecasting with improved accuracy. The fuzzy logic is one of the featured artificial intelligence which is renowned for its capabilities in developing logical system without the aid of mathematical modeling. In this case an attempt has been made to assess the possibility of fuzzy logic application for more accurate demand forecasting. 
In the fuzzy growth adjusted approach, the growth (b Tact ) of the actual demand and the growth (b T ) of the forecasted demand are considered as input and the deviation (D b ) is taken as output. The fuzzification of the parameters is made by 16 linguistic variablesnamely small (S), medium (M) and high (H) etc [16] . The Mamdani max-min and the logical operator 'AND' are chosen for the proposedoptimization approach. The output obtained by this proposed model (using the MATLAB Fuzzy Toolbox)is comparedwith thedeviation (D b crisp ) found by using the following equation:
where,D b crisp is the de-fuzzified value of the deviation anda i as wellas µ i are respectively the subinterval locations of the membership functions and the truth degree of the rules [7] .The value of µ i can be achieved byusing Eq.9. 
where,m 1 , m 2 , m 3 are the co-efficients of the membership function and xrepresents the input or output variables. The variables can befuzzified by applying the following equations:
; ≤ ≤ 0; ℎ (12) where, i 1 ,i 2 ando 1 are the first (b Tact ), second(b T ) input variables and the first output variable (D b ).The de-fuzzifiedvalue of the deviation (D b )obtained from Eq.8is compared with the deviation (D) to obtain the optimized deviation (D opt ). The optimized growth (b Topt ) and the forecasted demandcan be expressed with Eq.13 and Eq.14 respectively. . (13) . (14) 
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Simulation results
For the implementation of conventional Holt-Winters method, the smoothing constants are determined by simulation using MATLAB. The upper and lower bounds of the smoothing constants are given by a range of 0~1. As depicted in the Fig.2 the best value of the simulated trio (α, β, γ) is corresponding to the minimal MAD value of 0.88. Table 1 presents the optimized smoothing constants which are introduced to calculate Y T , L T , b T and SN T . The obtained growth b T is inserted in Eq.5 to calculate b Tact and then D b using Eq.7.As mentioned previously,b T , b Tact , D b are used as input and output in the proposed fuzzy logical modelas shown in Fig.3 , whereas contour surface in Fig.4 shows the dynamicity of the system by exhibiting the response of the output in accordance to the input. These outputs (D b ) are compared with deviation (D) for obtaining the optimum deviation (D opt ).
Eq.13 is used to compute the optimized growth (b Topt ) which was applied in Eq. 14 to obtain the optimized forecasted demand (Y Topt ). The resulting Y Topt together with b Topt ,b Tact , b T , and Y T are shown in Table2. To compare the accuracy of the conventional Holt-Winters (Con. HW) and the proposed Fuzzy GrowthAdjusted Holt-Winters (FGAHW) methods, the MAD and the MSE were evaluated in Table 3 .Moreover, the forecasted demand by the conventional Holt Winters (Con.HW) and the proposed method are plotted together with theactualdemand inFig.5. Tracking capability andimprovement achieved by the proposed method can be visualized from Fig.5 .
It is quite evident that the proposed method (FGAHW) forecasts the demand more accurately compared to the conventional Holt-Winters approach. As presented in Table 3 , the improvement for the FGAHW is assessed by a reduction of 9% in MAD and 27% in MSE values compared to the conventional HW method.Moreover, by the implementation of the analytical model (Eq.8), the de-fuzzified value of deviation (D b crisp ) has yielded a result of 0.062 for two arbitrary inputs of 0.1342 and 0.1363. But thedesigned fuzzy system with MATLAB Fuzzy tool box indicates the amount of deviation (D b ) to be 0.06 for the same inputs. This comparison indicates that for the same input, the proposed approach is capable of achieving of about 97% of the value attained by analytical model.
Conclusionand future work
In this paper we have introduced an improved approach for forecasting of demand having seasonal variation. A noticeable reduction in the deviation of the forecasted values from the actual demand is obtained through the fuzzy growth adjusted Holt-Winters (FGAHW) method. This artificial intelligent system is expected to help the manufacturers in precisely predicting the demand of their products and help sustain in today's fierce competition. In future work, we intend to refine theapproach by integratingother relevant parameters throughoptimized combinations of the smoothing constants.
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